Introduction and hypothesis This study aims to measure self-report urinary incontinence questions' reproducibility and agreement with bladder diary. Methods Data were analyzed from the Reproductive Risk of Incontinence Study at Kaiser. Participating women reporting at least weekly incontinence completed selfreport incontinence questions and a 7-day bladder diary.
Introduction
Stress and urgency urinary incontinence are common conditions in middle-aged and older women that negatively impact quality of life. Despite increased attention to this area in recent years, research is still needed to better understand the natural history of incontinence and factors which may impact the incidence, progression, and resolution of incontinence symptoms [1] . While clinical practice guidelines recommend using history, examination, bladder diary, urinalysis, and postvoid residual measurement findings in diagnosing incontinence type [2, 3] , such evaluations are not feasible in large epidemiologic studies. Large studies typically rely on self-or telephone-administered questionnaires to classify type of incontinence as well as incontinence frequency and severity [4] .
Estimates of the prevalence of and risk factors for incontinence by type, stress, or urgency, have been based on responses to simple self-report questions; however, little information is available assessing the accuracy and reliability of such questions. To measure the reproducibility (test-retest reliability) of self-report questions and to assess the agreement between voiding and incontinence frequency and incontinence classification determined by self-report questions and the bladder diary, we used data from the Reproductive Risk of Incontinence Study at Kaiser (RRISK), a racially/ethnically diverse population-based cohort of over 2,000 women in Northern California that contained extensive measures of incontinence.
Materials and methods
The RRISK study enrolled 2,109 randomly selected women within pre-specified age and race strata who were 40-69 years of age as of January 1, 1999 from the Kaiser Permanente Medical Care Program of Northern California. As previously reported, women were enrolled with a goal of obtaining approximately equal numbers of women in each 5-year age group with a race/ethnicity composition of 20% black, 20% Hispanic, 20% Asian-American, and 40% white (non-Hispanic) [5] . Informed consent was obtained from all subjects and the study was approved by the Institutional Review Board of the Kaiser Foundation Research Institute and the Committee on Human Research of the University of California, San Francisco.
Data were collected by pre-interview questionnaire and reviewed during an in-person interview performed in the woman's home or at a Kaiser clinic. Interviewers were all women and a bilingual interviewer was available for women who preferred to be interviewed in Spanish. During the interview, women who reported current incontinence symptoms that occurred at least weekly completed a self-administered questionnaire focusing on voiding and incontinence frequency and incontinence type ("self-report questions"). The questionnaire was reviewed by the interviewer for completeness before concluding the interview. Additional data collected during the interview included age, race, education, income, employment status, and reproductive history.
Participants who completed the self-report questions were asked to complete a 7-day bladder diary, and a randomly selected subgroup was also mailed a shorter selfreport incontinence questionnaire 2 weeks after the initial interview for reliability testing of selected questions. One reminder telephone call was made to each participant asking them to return the questionnaire.
Self-report incontinence questions
The self-report incontinence questionnaire asked women to report the number of urinary leaks that occurred during the daytime over the past 7 days, the number of leaks that occurred during the nighttime over the past 7 days, and the numbers of daytime and nighttime voids over a single day. Additional questions focused on incontinence type.
The self-report questions used to classify incontinence type (Appendix 1) were modified from questions validated by comparison to clinical and urodynamic diagnoses [4, 6] . For this study, two methods of classifying incontinence type based on the self-report questions were used: a single question and a three-question method. The single question method classified incontinence type by directly asking participants which type of leakage occurred most often during the past 7 days: stress (leakage with "coughing, lifting, sneezing or exercise"), urgency (leakage "following a physical sense of urgency that you were going to urinate"), other (leakage with "neither an activity nor a sense of urgency"), or mixed (leakage "about equally often with an activity or with a sense of urgency"). For the threequestion method, incontinence type was classified based on participants' reports of the numbers of incontinence episodes that occurred in the past 7 days with stress ("an activity like coughing, lifting, sneezing or exercise"), urgency ("a physical sense of urgency"), or other ("without a sense of urgency and without an activity like coughing, lifting, sneezing or exercise"). Women were classified as having stress, urgency or "other" incontinence if at least 50% of all incontinence episodes reported were classified as stress, urgency, or other, respectively. Women were classified as having mixed incontinence if reported types of leakage episodes occurred with equal frequency or if no single type of leakage represented at least 50% of the total leakage episodes reported.
Bladder diaries
Participants reported numbers of voids, episodes of urine leakage, and the reason for urine leakage each time it occurred (stress, urgency, and other) in 7-day bladder diaries. Participants' bladder diaries were included in the analysis if at least 5 days were complete. Incontinence episodes were grouped by type (stress, urgency, and other) and ratios of the total number of each type of incontinence episode to the total number of episodes recorded were calculated. Women were classified as having stress, urgency, or "other" incontinence based on diary if 50% or more of the total incontinence episodes recorded on the diary were identified as stress, urgency, or other incontinence types, respectively. Women were classified as having mixed incontinence based on the diary if recorded types of incontinence episodes occurred with equal frequency or if no single type of leakage represented at least 50% of the total incontinence episodes recorded.
Statistical analysis
Test-retest reliability of the self-report questions was examined for the entire cohort and for women whose test-retest interval was ≤30 and >30 days. Agreement between continuous variables (number of leaks and voids) by self-report and by diary was evaluated using Spearman correlations, and Fisher's z transformation was used to calculate confidence intervals (CI). Categorical variables (e.g., incontinence type) were compared using unweighted Kappa coefficients. Sensitivity, specificity, positive, and negative predictive values and area under the curve (AUC) were calculated for incontinence types determined using self-report questions compared to diary data using exact confidence intervals.
Agreement between the self-report questions and diary for number of voids and incontinence episodes was assessed in those women who began the diary within 30 days of the initial interview (when the self-report questions were completed). Agreement between incontinence types was restricted to those that reported at least one urinary leak in the last 7 days by self report and on the 7-day diary. In addition to the ≥50% threshold used for classifying incontinence types (as above), analyses were repeated using a threshold of ≥75%.
Results
Of the 2,109 women enrolled in the study, 603 (28.6%) reported weekly incontinence. Of these, 12 women were Data presented as n (%). Percents refer to all participants with data available for the characteristic, which may be less than the number in the entire subgroup due to missing data excluded who reported "continuous" urinary incontinence and were unable to quantify numbers of incontinence episodes, leaving 591 women with weekly incontinence whose data were included in the analyses. A randomly selected group of 308 women were asked to complete the self-report questions a second time, and 196 (64%) completed and returned the questionnaire ("retest group"). The median test-retest interval was 28 days (range, 7-183 days), and 105 (54%) completed the second questionnaire within 30 days of the initial administration.
Four hundred twenty-five women with weekly incontinence completed the diary ("diary group"). The median interval between completing the self-report incontinence questions and initiating the diary was 1 day (range, 0-231 days), and 409 (96%) began the diary within 30 days of completing the initial self-report questionnaire. The characteristics of the women in each of these (non-exclusive) groups are presented in Table 1 . Women who returned the mailed self-report questionnaire (retest group) were older (mean (SD) age 59.9 (7.8) vs. 55.8 (8.4)years, p<0.01) and more often unemployed (47% vs. 35%, p<0.01) than those who did not return the questionnaire. Women in the diary group were older (mean (SD) age 58.0 (8.7) vs. 54.8 (7.4) years, p<0.01), more often white (58% vs. 31%, p<0.01), more highly educated (34% vs. 23% had a college or higher degree, p<0.05) and more likely unemployed (44% vs. 28%, p<0.01) than those who did not complete a diary.
Voiding and incontinence frequency and incontinence episode type reported by self-report questions and the diary were similar (Table 2) . By self-report, stress was the most common type of incontinence (37-40%), followed by urgency (31%) and mixed (18-26%) incontinence, whether identified using the single self-report question or using the three-question method. By diary, urgency incontinence was most common (39%), followed by stress (28%) and mixed (21%) incontinence. Five women (1%) reported no leaks occurring during the previous 7 days on the self-report questions, and 34 (8%) had no leaks recorded on the diary.
The self-report incontinence questions demonstrated moderate test-retest reliability (Table 3) . Reliability coefficients for numbers of daytime and nighttime urinary leaks and incontinence type (single question) ranged from 0.43-0.58. Kappa reliability coefficients were similar in the overall group and in those with shorter (≤30 day) testretest intervals.
Agreement between the self-report questions and diary results was good for voiding frequencies (r=0.61-0.65) and moderate to good for incontinence frequencies by type (r=0.41-0.56; see Table 4 .) Agreement between selfreported incontinence type and diary-derived incontinence type was lower, whether the self-reported incontinence type was determined using the single question (κ (95% CI)=0.35 (0.29-0.42)) or three-question method (κ (95% CI)=0.37 (0.30-0.44)). In contrast, very good agreement was seen between the single question self-reported incontinence type and the three-question self-reported incontinence type (κ (95% CI)=0.67 (0.62-0.72)). 
IQR Intraquartile range
Percents refer to all participants with data available for the characteristic a N may vary slightly due to missing data b "Single question" self-reported incontinence type was identified by asking "did you accidentally leak urine most often with: an activity like coughing, lifting, sneezing, or exercise (stress); following a physical sense of urgency that you were going to urinate (urgency); neither an activity nor a sense of urgency (other); and about equally often with an activity or with a sense or urgency (mixed)" c Self-reported incontinence type was identified using three questions in which subjects reported numbers of leak episodes over the past 7 days with activity (stress), with urgency (urgency) or without activity or urgency (other). Diary incontinence type was identified using frequencies of reported stress, urgency, and other leaks on 7-day diaries. For both, women were classified as having stress, urgency, or other incontinence if at least 50% of the total leak episodes were reported as stress, urgency, or other type, respectively. All others were classified as having mixed incontinence Sensitivity, specificity, predictive values, and the AUC for stress, urgency, and mixed incontinence based on selfreport questions compared to incontinence type determined on bladder diary are presented in Table 5 . The single selfreport question identified stress and urgency incontinence with an AUC of 0.79 and 0.70, respectively, but the ability to identify mixed incontinence was low. The three-question self-report method had similar results. Self-report questions (using both single and three-question methods) were most sensitive for identifying stress incontinence (sensitivity= 0.78 and 0.82; negative predictive value=0.88 and 0.90, respectively) and most specific for urgency incontinence (specificity=0.88 and 0.89; positive predictive value=0.75 and 0.78, respectively) compared to diary results.
Similar agreement results were seen when a different threshold for defining incontinence type (≥75% of episodes) was applied to define the three-question selfreported incontinence type and diary-based incontinence type (data not shown).
Discussion
Epidemiologic studies use different methods for assessing and classifying urinary incontinence, but there is little information about the relationships between these different methods making it difficult to compare study results or to choose between measures in designing a study. The current study sought to fill this gap by evaluating the test-retest reliability of common self-report questions, and comparing self-reported voiding and incontinence parameters to 7-day bladder diary results.
We found moderate test-retest reliabilities for self-reported numbers of daytime and nighttime incontinence episodes and incontinence type (single question). Higher reliabilities (κ= 0.69-0.78) have been reported for self-report questions on the presence or frequency of stress and urgency incontinence episodes [7, 8] , although these studies included very different populations with a different spectrum of incontinence symptoms (women with moderate to severe, largely stresspredominant incontinence in an incontinence treatment trial [7] and elderly community-based Danish women [8] ).
The test-retest interval in this study (median interval, 28 days) is longer than that used in many prior studies of the reliability of incontinence self-report and bladder diary outcome measures (range, 3 days to up to 4 weeks) [7] [8] [9] [10] [11] [12] [13] , and this might partially explain the lower reliability seen. The ideal test-retest interval is long enough to avoid subjects answering questions based on memory and short enough to avoid interval change in the condition being measured and a 2-week interval is often recommended for chronic conditions [14] . The longer interval in this study might have lowered the reliability estimates measured for some self-report questions because of a change in incontinence symptoms. However, the reliability estimates for self-report questions were not consistently Agreement between self-reported and diary-recorded voiding and leakage frequencies was moderate to good. Similar to our findings, Wyman et al. [13] found correlations of 0.57 and 0.63 for daytime and nighttime micturition frequencies, respectively, when assessed by history and 14-day diary. On the other hand, a study of stress incontinence patients comparing self-reported and diaryrecorded urinary frequencies suggested that self-report overestimated daytime urinary frequency [15] . While nighttime voiding frequency strongly agreed with diary results (r=0.79), only weak agreement was seen for self-reported and diary-recorded daytime voiding frequency (r=0.31). Kenton et al. [16] found moderate correlations (0.50-0.66) in the numbers of incontinence episodes recalled by participants and reported by 7-day diary but significantly more incontinence episodes (median of four more episodes) were reported by recall than by diary at each time point assessed. In contrast, we found no significant directional differences in voiding frequencies or in the frequency of incontinence episodes reported by self-report and diary.
We also compared type of incontinence defined by two self-report methods (one using a single self-report question and one using responses to three self-report questions) and by bladder diary. The two self-report methods agreed well with each other with respect to type of urinary incontinence (κ=0.67), but both had only fair agreement when compared to incontinence type determined using a bladder diary. The moderate agreement between self-reported responses and diary results observed in this study and others may in part result from the normal week-to-week variability of incontinence. In addition, for our study, the incontinence questions were not asked with reference to the same 7-day period as the diary. However, most participants began the 7-day diary within a few days of responding to the self-report questions and we limited our agreement analyses to those who began the dairy within 30 days of completing the self-report questions.
The population-based nature of the study sample, the large sample size and its racial and ethnic diversity are strengths of our research. Most previous research on noninvasive incontinence outcome measures has been performed in clinical trial subjects or specialty clinic patients, and therefore may not be generalizable to nontreatment seeking study populations. Thus, these data represent an important contribution to the literature on incontinence outcome measures. We also acknowledge limitations to our research. As a measure of the validity of the RRISK self-report questions, we assessed levels of agreement between these questions and bladder diaries, often used as primary outcome measures for incontinence clinical trials. While bladder diaries are not a true "gold standard" for incontinence type, other diagnostic methods (e.g., clinical examination and urodynamic tests) have their own limitations and are not feasible for use in this type of large community-based study.
In our population-based study of ethnically diverse women with at least weekly incontinence, self-reported voiding and incontinence frequency and type had moderate reproducibility and moderate to good agreement with bladder diary voiding and incontinence parameters. Using self-reported questions to determine incontinence type had only fair agreement with diary-derived incontinence type. Results using a single self-report question were very similar to using three questions, but both differed from incontinence type assessed by diary. These results should be helpful in comparing studies using self-report and bladder diaries to assess incontinence, and when choosing between self-report and bladder diary for use in future studies. Considering their minimal participant burden, self-report questions may be acceptable research tools in studies assessing incontinence outcomes where use of a bladder diary would be infeasible. For example, a genome-wide association study, which would require thousands of affected and unaffected women, would most likely only be accomplished with data ascertained via self-report. Women with no incontinence on diary (n=34) were excluded
